Abstract; the goal of this paper is to use the solar power to charge Lithium-ion (Li-ion) batteries, pulse width modulator (PWM) control method is implemented to design and build a solar battery charger prototype. Maximum power point tracking (MPPT) is used in the photovoltaic (PV) system to maximise the PV output power, irrespective of the temperature and irradiation conditions. MPPT system, consisting of a buck-type dc-dc converter, which is controlled by a microcontroller unit, is implemented. It is presented a model for the lithiumion battery (Li-Ion) that is suitable for computer simulation. The used model can be easily modified to fit data from different batteries. The simulation results achieved by using Pspice programs and are in good agreement with the experimental results. These results allowed demonstrating the reliability and validity of the proposed MPPT technique. The battery charger prototype was tested and the results obtained allowed to conclude about the conditions of permanent control on the battery charger.
Introduction
Photovoltaic sources are used today in many applications such as battery charging [1] , light sources [2] , water pumping [3] , satellite power systems [4] , etc. Since PV modules still have relatively low conversion efficiency, the overall system cost can be reduced using high efficiency power trackers which are designed to extract the maximum possible power from the PV module (maximum power point tracking, MPPT) [5] . The main goal of this paper is to study the use of solar power to charge lithium-ion batteries. In the literature, many battery charging techniques are investigated and proposed [6] - [7] . These methods use a variety of battery characteristics like voltage and temperature to achieve a s afe and fast charging process. However, in this paper a simple maximum power point tracking technique, known as Voltage MPPT (VMPPT) [8] , is simulated and constructed. The implementation and simulation of the proposed method uses a low-cost, low-power consumption microcontroller, which controls a buck type dc-dc converter and performs all control functions required by the MPPT process and battery charging.
Due to their high energy densities and long life times, Li-Ion batteries are increasingly used in systems such as portable electronics, electric vehicles [9], etc.
Description of system
The photovoltaic charger system consists of four subsystems, each with its own function. These four subsystems are connected in accordance with the block diagram shown in Figure  1 . The first subsystem consists of solar panel of polycrystalline PV module from Solarex. This PV module has a rated power of 12 Watt and is formed by 18 photovoltaic cells connected in series. Second subsystem is charger unit which includes a dc-dc converter controlled by a PWM signal. Dc-dc converter is formed by two switches and an input and output filter [10] .
Third subsystem (control unit), consists of a programmable interface circuit (PIC) microcontroller, model PIC18F4585, and an integrated circuit (IC), SG3524. PIC microcontroller is a high performance 8-bit reduced instruction set code (RISC) architecture, operates from 2V to 5.5V belonging to 40 pi ns family and IC is a 16 pi n PWM switching regulator.
Fig.1.Equivalent circuit of solar cell
However, when it is connected to an external supply a current called diode current will be present. A solar cell is usually represented by an electrical equivalent one-diode model [3] with a series resistance, as shown in Fig.1 . The model contains a current source one diode and a resistor .The net current is the difference between the photocurrent and the normal diode current . The diode current is given by equation (1). (1) Where:
=diode current (strongly dependent on temperature); =voltage imposed across the cell; m =Ideal factor (ideal: m =1; real: m > 1); = Thermal potential = = Series cell resistance;
is given by (2) 2.1. Charger Circuit Fig.2 gives a general description of the charging unit block. A dc-dc converter consists of a number of storage elements and switches that are connected in a topology such that the periodic switching controls the dynamic transfer of power from the input to the output, in order to produce the desired dc conversion. The two fundamental topologies of dc-dc converters are the buck and the boost converter as described [11] . The purpose of the dc-dc converter is to transform a DC voltage from one level to another. This is done by varying the duty cycle, ∂. Dc-dc converters have two distinct operating modes; continuous conduction mode (CCM) and discontinuous conduction mode (DCM). The paper takes the advantage of dc-dc converter working in CCM.
The low pass filter (LPF) is a simple RC filter where the capacitor is in parallel with the load. The combination of resistance and capacitance gives the time constant of the filter:
The cut off frequency is given by (4)
Electrical Model for Li-ion Battery
The duration of the battery cycle is the total amount of discharge-charge cycle that a battery relieves before more power cannot be hold. The energy of the battery, expressed in Watt-hour, Wh, is the product of the capacity and the voltage of the battery, V. Fig.2 represents an intuitive and comprehensive electrical battery model. 
Simulation results in Pspice
The use of Pspice is very useful in cases where there is the need to determine the values of voltage and current circulating in the circuit, in order to investigate the range of values of some components, or even just to make changes in topology. With the help of this simulation program it was possible to build a basic circuit of a step-down switching regulator with duty cycle ratio control. The circuit is depicted in Fig.3 and allows the modulation of the dc-dc converter. Specification of the used components may be consulted in as shown below;
IC SG3524 components C 3 =5nF C4=100nF
Fig.3-Step-down switching regulator circuit
Two schemes were simulated for both = 20 Ω and =40 Ω. It is assumed that the circuit is working on the MPPT point and that all the results obtained depend of it. The value of ,output voltage of the solar panel is tending to this operation point which allows predicting that the circuit is being controlled: without knowing the value of the output voltage and current the system evolves to the maximum power rate that the PV model allows VMPPT algorithm. There is a permanent control of the system duty cycle ratio control. Another important aspect worth to look at is the ripple value of the voltage corresponds to the solar panel output voltage. In Fig.4 the maximum ripple obtained is nearly 3% of the voltage value = V, which means that capacitor, C 1 is well dimensioned. the converter is in CCM. When current in inductor decreases, the diode is forward biased and hence converter is working correctly. This figure shows that current in the circuit is well dimensioned: current does not go to complete zero which allows the circuit to work in CCM. Fig.7 presents voltage across the resistance = 40 Ω. Although the voltage is too high for the conditions stated in this paper and so the system is no longer controlling the ratio power between the input voltage sources which simulates the solar panel for the resistive load. = 40 Ω, the control is practically inexistent. If current is lower than 150mA the system loses control and starts deficient control which shows that the current limit for control is achieved. = 20 Ω the system presents a power loss for 20 Ω load resistance ≈1.2-0.85=0.35W and power loss for 40 Ω load resistance ≈1.2-0.89=0.31W . With these results it is possible to conclude that the system is not ideal, even referring to a simulation program. Nevertheless, regardless of the load value, the system presents power conservation: the final power value achieved is very similar in both cases even if the system with = 40 Ω loses control. 
Conclusions
The use of Pspice simulation program allows a better understanding of the system behavior when in the presence of variable loads. It can be generally stated that while the system is represented by a load of = 20 Ω, it allows a controllable system. The duty cycle ratio control is a constant premise. For this reason the values obtained at the output of the system voltage and current are the ideal ones for an optimum battery charger in this case, optimum values for the type of battery chosen. Although the losses presented in the system, probably due to losses of the transistor switching and internal resistance, the system presents a very good behavior and a faithful representation of what will happen in reality. Since system is very sensitive to load variations. The system starts losing control for load values above 40 Ω presenting a load voltage higher than the one allowed to correctly charging the Li-Ion battery. The maximum voltage value in the load that allows the duty ratio control of this system is close to 5.2V.
